AIM To evaluate neurodevelopmental difficulties in children with idiopathic clubfoot. METHOD A cross-sectional study of 106 children (29 females, 77 males; aged 8-10y) with idiopathic clubfoot and 109 age-, sex-, and residential area-parallelized children from the general population. Neurodevelopmental difficulties were assessed using the parent-report Five to Fifteen (FTF) questionnaire. Group differences were analysed for FTF domains, subdomains, and items. The 90th centile cut-off of the general population on FTF and the parent-based disease-specific instrument (DSI) were used to evaluate clinical relevance of neurodevelopmental symptoms in idiopathic clubfoot.
Congenital talipes equinovarus, often referred to as clubfoot, is one of the most common congenital musculoskeletal deformities at birth, affecting around 1 in 1000 live births. [1] [2] [3] Idiopathic clubfoot is considered an isolated foot deformity, in contrast to syndromal clubfoot (affecting approximately 25% of the clubfoot population), which might occur in association with abnormalities such as spina bifida. 2, 4 The aetiopathogenesis of idiopathic clubfoot remains unknown, but is believed to be multifactorial with a combination of genetic and environmental factors. 1, 2 Several observations support a genetic underpinning. Firstly, in one-quarter of idiopathic clubfoot cases, the condition is familial.
1 Secondly, there is a skewed sex ratio in idiopathic clubfoot, with about three-quarters of the affected being male, and females with idiopathic clubfoot being more likely to transmit the deformity. 2, 3, 5 Thirdly, idiopathic clubfoot shows innate heterogeneity with unilateral and bilateral clubfoot occurring in each half of the cases. 2, 3 The most robust environmental risk factor that has been identified is maternal smoking. 1, 2, 6 Other environmental risks, including maternal age, parity, educational level, body mass index, alcohol and coffee consumption, and use of selective serotonin-reuptake inhibitors, are inconclusive. 2, [6] [7] [8] Preferred contemporary treatment of clubfoot is the conservative Ponseti method, which includes serial castings, Achilles tendon lengthening, and bracing until the age of 4 to 5 years. 1, 9 Although satisfactory outcomes have been reported, the recurrence of clubfoot occurs in 14% to 41% of cases, with brace intolerance the primary reason. 1, 10 Idiopathic clubfoot is viewed as an isolated, somatic birth defect. Nevertheless, a study found that seven of 13 male patients with clubfoot had attention-deficit/hyperactivity disorder (ADHD) or marked ADHD symptoms. 11 Studies on motor skills in children with idiopathic clubfoot have implied other complications than exclusively muscular-skeletal deficiencies, for example focusing problems, to affect gross motor skills. 12, 13 In another patient group, children demonstrating toe-walking, elevated rates of autism spectrum disorder, language disorder, and other neurodevelopmental difficulties have been observed. 14, 15 The reasons behind the increased appearance of neurodevelopmental symptoms are unclear, but their existence may imply poorly understood connections between muscularskeletal and neurodevelopmental problems. Owing to the apparent and dominant clinical idiopathic clubfoot status, neurodevelopmental difficulties might be diagnostically overshadowed. The latter is unfortunate, as neglected neurodevelopmental difficulties might hamper optimal treatment tailoring in idiopathic clubfoot. For instance, neurodevelopmental issues might negatively affect brace compliance, reducing treatment outcome and lower quality of life. 16 Based on our clinical experience from physiotherapy practice and previous research, we hypothesized that children with idiopathic clubfoot experience moderately higher rates of neurodevelopmental difficulties compared with peers without the foot deformity. Consequently, this study aimed to examine neurodevelopmental difficulties in a cohort of children with idiopathic clubfoot compared with the general population as reported by parents using standardized questionnaire data.
METHOD Participants
Sample characteristics are summarized in Table I. Children born with idiopathic clubfoot between 2004 and  2007 , and clinically registered in Stockholm County or Sk ane County, Sweden, were recruited for this study. The children were identified by primary diagnosis International Classification of Diseases, 10th revision (ICD-10) code of clubfoot (Q66.0) in combination with their unique personal identification number from the clubfoot treating hospital's medical records in the counties in the time concerned (one in Stockholm County, two in Sk ane County). Individuals with syndromal clubfoot were excluded (e.g. by additional ICD-10 diagnosis). The general population control group was randomly recruited from primary schools in the same county areas. The two included counties have a combined general population of around 3.5 million (approximately 36% of the Swedish population) with 160 114 live births in the included years. 17 Children's parents were invited to participate, after the study had been approved by the regional ethics committee in Stockholm. In total, 182 children with idiopathic clubfoot were identified in the four annual cohorts (prevalence: 1.1/1000). Seven children could not be included, as they had moved abroad or had protected personal data. Of the 175 invited parents, 116 returned the questionnaires (response rate: 66% In the general population, all returned and complete questionnaires for males were used in the control group. Owing to the uneven sex distribution in idiopathic clubfoot, complete questionnaires on females were randomly selected to match the proportion of females in the group with idiopathic clubfoot. Consequently, the general population comparison group without idiopathic clubfoot comprised 109 children from 12 schools (mean age 9y 6mo, 27% females) parallelized for age and county of residence (Table I) . Seven children in the idiopathic clubfoot and 
What this paper adds
• A substantial minority of children with idiopathic clubfoot show neurodevelopmental difficulties.
• Children with idiopathic clubfoot might present additional difficulties in motor skills, perception, and language.
• Children with idiopathic clubfoot and marked neurodevelopmental symptoms show poorer parent-reported clubfoot treatment satisfaction.
• Neurodevelopmental difficulties should be considered in clinical practice of idiopathic clubfoot.
three children in the general population sample were reported by parents to have ADHD and/or autism spectrum disorder. These cases were included in both groups in order not to eliminate potentially increased neurodevelopmental symptoms in cases and to avoid a supernormal control sample respectively.
Procedure
Invitation letters were sent to the home addresses of the parents of children with idiopathic clubfoot and controls, including questionnaires on neurodevelopmental difficulties and sociodemographics. Parents were asked to answer the questionnaires either on paper or online on a coded homepage designed by one of the authors (EL), solely for this study. The homepage was constructed to look like and to be answered in the same manner as the paper formats. To be able to answer online, the participants were provided with an individual pass-key. In total, 34 (16%) parents chose to answer online (Table I ). The questionnaires were sent during the spring semesters of the years 2014 to 2016, when the children were supposed to attend the second or third school grade, according to the Swedish school system.
Clubfoot treatment
In Sweden children with clubfoot are treated free of charge in centralized public hospitals, without other options being available. The general conservative treatment method used for this cohort of children with idiopathic clubfoot included manipulation of the clubfoot with serial castings and an Achilles tendon tenotomy during the first months of life. Thereafter, treatment continued with a variety of braces, including the knee-anklefoot orthosis and the foot abduction brace. The braces were used for 18 to 23 hours for 2 to 3 months before generally reduced to only night and naps. Bracing continued until the age of 4 to 5 years, depending on the foot status. In cases of recurrence, casting was introduced again, sometimes followed by surgery.
Instruments

Sociodemographic questionnaire
Data on the idiopathic clubfoot and control groups' sex, age, cohabiting parents, siblings, special teaching/pedagogical support, possible disorders and disabilities, and educational level and parental birth country, were collected using a checklist generated by the parent (see Table I ).
Five to Fifteen
The Five to Fifteen (FTF; www.5-15.org) is a questionnaire for parents, covering development and behaviour of children aged 5 to 15 years. The FTF comprises 181 items composing eight behavioural domains (motor skills, executive functions, perception, memory, language, learning, social skills, and emotional/behavioural problems) and 20 subdomains. 18 Items are scored '0' (does not apply), '1' (applies sometimes or to some extent), or '2' (definitely applies). Initial studies on the psychometric properties of the FTF have demonstrated acceptable-to-excellent interrater and test-retest reliability. 18 Clinical and populationbased Scandinavian studies support the reliability and validity of the FTF to screen for neurodevelopmental difficulties in young people.
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Roye's disease-specific instrument
The disease-specific instrument (DSI) is designed to measure functional outcome and treatment satisfaction of clubfoot intervention, as perceived by caregivers. The instrument consists of 10 items rated on a 4-point scale. 22 An overall score can be calculated for the total DSI ranging from 0 (low) to 100 (high outcome/satisfaction). 23 High internal consistency and sensitivity to change have been demonstrated for the DSI. 23 
Statistical analysis
In accordance with the FTF manual, and to compare our results with previously published data, [18] [19] [20] [21] mean item scores were calculated for the FTF domains and subdomains. Groups' FTF domain and subdomain scores were compared using simultaneous multivariate analysis of variance (MANOVA) and univariate analysis of variance (ANOVA), with group membership as factor (idiopathic clubfoot vs controls) and FTF scales as dependent variables. An alpha of 5% was adopted for all analyses. Effect sizes are provided using partial eta-squared ( p g 2 ) and interpreted as small 0.01 to 0.05, medium 0.06 to 0.13, and large 0.14 and higher. Given the sample size and alpha, the test-power (1-beta) for detecting significant differences in the parametric statistics was 0.55 for a small effect, 0.90 for a medium effect, and 0.96 for a large between-group effect (G-Power, F-test, MANOVA, post hoc). Assumptions of parametric testing (normality, variance homogeneity assumption, interval scaling) were not completely fulfilled, but ANOVA routines have commonly been used in clinical studies of similar design, and are considered robust against assumption violations in larger and equally sized samples, 24 as in the current study. FTF median scores are presented as descriptive data for the ability to compare our results with studies not using a parametric approach. For single FTF items, Mann-Whitney U tests were used between groups. Items with the highest discriminative power, i.e. highest frequencies of reported '1' or '2' difficulties, were then calculated in the group with idiopathic clubfoot. Possible clinical significance of the FTF results were defined as scores over the 90th centile in relation to the control group score distribution. As the status of the clubfoot might affect the motor skills domain, only two or more domains over the 90th centile were deemed clinically relevant. The subgroups of idiopathic clubfoot cases scoring inside and outside of the defined possible clinical range were further compared on sociodemographics, foot laterality, sex, and DSI scores using v 2 or t-tests. SPSS 24 (IBM, Armonk, NY, USA) was used for all statistical analyses.
RESULTS
FTF domain level
MANOVA showed that group membership accounted for a significant between group variance of the totality of all FTF domains (F [8, 208] 
FTF item level
Twenty-six items were found to discriminate between children with idiopathic clubfoot and controls. These items were found within all FTF domains (eight from motor skills, three from executive functions, three from perception, three from memory, two from language, four from learning, and three from social skills) except the domain for emotional/ behavioural problems. The five items that showed highest discriminative power among these items were related to four of the domains and concerned problems with balance and running (item 3 and 5, motor skills), sustaining attention in tasks or play activities (item 19, executive functions), remembering long or multiple-steps instructions (item 70, memory), and writing neatly (item 99, learning; see Table III) .
Possibly clinically relevant cases
Thirty-one per cent (n=33) of the children with idiopathic clubfoot scored above the 90th centile in 2 or more FTF domains, 18% scored in 3 or more FTF domains, and 13% scored in 4 or more FTF domains. The FTF domain of motor skills followed by perception had the highest percentage of children with a mean score above cut-off (Table II) . The children with idiopathic clubfoot scoring in the possibly clinical range showed lower DSI scores (mean=78) than the other idiopathic clubfoot cases (mean=86; p=0.04) but did not differ for sociodemographic parameters, foot laterality, or sex (p>0.2).
DISCUSSION
To the best of our knowledge, this is the first study to target neurodevelopmental difficulties in children with idiopathic clubfoot. Based on preliminary evidence from previous smaller-scale studies and clinical experience, we expected a moderately increased frequency of neurodevelopmental challenges in children with idiopathic clubfoot versus general population controls. [11] [12] [13] Findings largely confirm our predictions and indicate a subtle-to-strong elevation of difficulties in children with idiopathic clubfoot for several neurodevelopmental domains, predominantly regarding motor skills, perception, and language, as well as the subdomains of gross and fine motor skills, relation in space, and comprehensive and expressive language skills. About one-third of the children with idiopathic clubfoot scored in the possibly clinically significant range in two or more neurodevelopmental domains. In these cases, parents reported poorer clubfoot treatment satisfaction. Other factors, such as foot laterality, sex, or sociodemographic parameters showed no association with a potential neurodevelopmental status. Our results endorse previous studies on idiopathic clubfoot and other muscular-skeletal deficiencies, such as idiopathic toe-walking (also using the FTF), 14 suggesting an unrecognized connection between muscular-skeletal and neurodevelopmental problems. Gross motor, and to some degree perception difficulties, might be confounded with idiopathic clubfoot itself, whereas fine motor and language difficulties are likely not to be. Moreover, most of the 26 items that significantly discriminated idiopathic clubfoot from controls did not concern muscular-skeletal issues. However, our findings should be interpreted with necessary caution. We acknowledge that the inclusion of children with neurodevelopmental phenotypes (autism spectrum disorder, ADHD) might be debateable. Hence, we cannot entirely rule out artificial over-representation of neurodevelopmental symptoms or misclassification bias, but believe the risk is low given the applied methods. Owing to identification via unique personal identification in the idiopathic clubfoot-treating hospitals, and additional validation procedures, we are confident we included virtually all children with idiopathic clubfoot. Finally, as the population control group was both carefully parallelized to the idiopathic clubfoot sample on sex, age, and residential area, and not composed of supernormal, but rather common school children (also including some with known neurodevelopmental issues), we believe that our findings are robust and do not overestimate neurodevelopmental difficulties in children with idiopathic clubfoot.
The cross-sectional study design does not allow any conclusions about causality of neurodevelopmental symptoms and idiopathic clubfoot. The presence of coexisting difficulties could suggest shared underlying environmental or genetic factors, or even contributing clubfoot treatment factors. Furthermore, the finding of less satisfying treatment outcome in the children with idiopathic clubfoot and marked neurodevelopmental symptoms might indicate a potential severe clubfoot burden, intractable clubfoot treatment, and/or less satisfaction (possibly owing to neurodevelopmental difficulties being overshadowed by the diagnosis of idiopathic clubfoot) in this subgroup. Future experimental and longitudinal research needs to address the underlying causes of muscular-skeletal and neurodevelopmental difficulty overlaps.
Our findings recommend adequate awareness of possible neurodevelopmental challenges in children with idiopathic clubfoot as it could be important for the choice, tolerability, and effect of the clubfoot treatment. For example, in the conservative treatment of clubfoot, the child is required to sleep with a brace to counteract recurrence. This might cause extraordinary distress, in the case of additional neurodevelopmental challenges, as sleep disturbances can be common in children with neurodevelopmental disorders. 25 Moreover, the poorer quality of life reported in children with neurodevelopmental disorders needs to be considered. 16 Possible coexisting difficulties encourage a broader intervention approach beyond the traditional and core clubfoot treatment, which may include speech and language therapy, motor training, behavioural interventions, and/or psychopharmacology on a case-to-case basis. Nevertheless, our conclusions on treatment must remain speculation as our sample had passed the age of clubfoot treatment. The less satisfying treatment outcome experienced in cases of clinical relevance implies that our treatment conclusions carry some validity. Therefore, recognition of neurodevelopmental difficulties in children with idiopathic clubfoot could facilitate best practice support of children and families to manage the clubfoot treatment. To achieve higher awareness in this regard, the 26 items from the FTF with high discriminative power might serve as first crude shortlist to guide clinician's attention. Aside from the more general risk of bias mentioned earlier, the current study contains several other limitations that need to be addressed when evaluating the validity and generalizability of our findings. We had little control of the non-responders in both the idiopathic clubfoot and control group. While the response rate of 66% is satisfactory, it is unknown whether there were differences between responders and non-responders. In the control group, we cannot determine response rate, as participating schools sent invitations to an unknown number of parents. One might argue that using available norm values for the FTF would have been a more adequate comparator. However, normative data would not have guaranteed better representation, as it might be equally selective with low response rate. Moreover, additional confounders for cohort (data collected in 2001, with considerable changes in perception of neurodevelopmental difficulties since then) 18 location, age, and sex distribution, and different data collection procedures would have been introduced. Nevertheless, the mean profiles of the published FTF norm data are similar to our control group data (Fig. 1) . Finally, parametrically analysing ordinal-scaled questionnaire data with skewed distributions (e.g. FTF and DSI) is compromising. Still, the generalizability of our study is supported by the satisfaction rate on DSI, prevalence of idiopathic clubfoot, sex, and foot laterality distribution, corresponding with previous studies. [1] [2] [3] 23 Unfortunately, as we did not have access to medical records, future research ought to explore the effects of clubfoot treatment and outcome variables on neurodevelopmental phenotypes.
In conclusion, our study implies a modestly increased frequency of neurodevelopmental difficulties in a cohort of 9-year-old children with idiopathic clubfoot. Even though the effect sizes were small to medium, findings were prominent regarding motor skills, perception, and language. Around one-third of the children with idiopathic clubfoot had specific neurodevelopmental signs of possible clinical relevance and less satisfying clubfoot treatment outcome. Thus, the added value of the present study is that it supports awareness of neurodevelopmental difficulties in children with idiopathic clubfoot for clinicians and researchers. In individuals where neurodevelopmental difficulties coexist with idiopathic clubfoot, it is vital to broaden and adapt diagnostics and treatment in order to further improve and maximize support for children with idiopathic clubfoot and their families. 
